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APPROXMATING MOTION USINGA 
THREE-DIMENSIONAL MODEL 

TECHNICAL FIELD 

0001. This invention relates to approximating motion 
using a three-dimensional (3D) model and to rendering a 
non-photorealistic two-dimensional (2D) image from the 3D 
model. 

BACKGROUND 

0002 A3D model includes a virtual skeleton, comprised 
of bones arranged in a hierarchical tree Structure. Surround 
ing the bones are polygons, Such as triangles, which repre 
sent the skin of the 3D model. Movement of the polygons is 
tied to the movement of the bones So that the 3D model 
approximates real-life movement when the bones are re 
positioned. 

DESCRIPTION OF THE DRAWINGS 

0003 FIG. 1 is a perspective view of a 3D model, which 
shows both polygons and bones that make up the 3D model. 
0004 FIG. 2 is a flowchart showing a process for 
approximating motion of a user using the 3D model. 
0005 FIGS. 3, 4, 5, 6, and 7 show 2D images of a 3D 
model rendered using non-photorealistic rendering tech 
niques. 

0006 FIGS. 8, 9 and 10 show a 2D image of a 3D model 
rendered using a non-photorealistic technique with dis 
placed facial features. 
0007 FIG. 11 is block diagram of a video conferencing 
system on which the process of FIG.2 may be implemented. 

DESCRIPTION 

0008 FIG. 1 shows a 3D model 10, which is rendered 
from 3D data. As shown in FIG. 1, 3D model 10 is 
comprised of interconnecting polygons 12. Polygons 12 are 
triangles in this embodiment; however, other types of poly 
gons may be used. Polygons 12 define the “skin' surface of 
3D model 10. 

0009. The 3D data for model 10 also includes bone data. 
The bone data defines a rigid skeletal structure of model 10, 
which corresponds to the bones of a living being. The 
“bones' 13 of model 10 are Cartesian XYZ-space vectors in 
the 3D data. The bone data defines a size (magnitude) of the 
XYZ-space vectors and an orientation in XYZ-space of the 
VectOrS. 

0010) The bones of model 10 are linked together in a 
tree-like hierarchical structure, with “child' bones branching 
off from “parent' bones. Vertices of polygons 12 are asso 
ciated with one or more bones Such that motion of the bones 
is tied to motion of the polygons. The association is defined 
in the 3D data that makes up 3D model 10. Thus, a polygon 
deforms around a bone that the polygon is associated with, 
much the same way that skin Surrounding living bone 
deforms in response to an applied force. The bones may 
change location in response to Such force, but do not change 
shape. 

0011. The movement of 3D model 10 may be defined by 
a Sequence of frames, which constitute SnapShots of the 3D 

Jan. 30, 2003 

model at intervals of time. Each frame contains information 
about the position of a bone in 3D space at a particular 
instant in time. This information includes the displacement 
of the start of the bone from the end of its parent bone, the 
orientation of the bone relative to the orientation of its parent 
bone, one or more Scaling factors that define the Scale of the 
bone in 3D Space, and the time of the displacement, orien 
tation and Scaling. Displacement and Scale are represented as 
3D vectors (e.g., Cartesian XYZ-space vectors). Orientation 
may be represented by rotation data, Such as rotation matri 
ceS, Euler angles, or unit magnitude quaternions. An 
example of using a unit magnitude quaternion is described 
below. 

0012 Aquaternion is a scalar number that has the form 
q=w-xi-yi-zk, 

0013 where i,j and k are imaginary numbers such that 
i=ji=kk=-1 and ij=k, 

0014) 
0015 Imaginary numbers i,j and k correspond to Carte 
sian X,Y and Z axes, respectively. Thus, to change the 
orientation of the bone in the X-axis/i direction, the value of 
“X” is changed in the quaternion “q. To change the orien 
tation of the bone in the Y-axis/direction, the value of “y” 
is changed in the quaternion “q. To change the orientation 
of the bone in the X-axis/k direction, the value of “Z” is 
changed in the quaternion “q'. The displacement and Scale 
vectors noted above may also need to be changed. 

and where w, x, y and Z are real numbers. 

0016 Referring now to FIG. 2, a process 14 is shown for 
approximating the motion of a user using a bones-based 3D 
model, Such as 3D model 10 described above. Process 14 is 
particularly useful in Video-conferencing applications or 
similar Internet-related applications, such as ICUII(R). 
0017. By way of example, during video-conferencing, a 

first perSon at a local computer may wish to See the motion, 
e.g., facial expressions, of a Second perSon at a remote 
computer. The Second perSon, however, may not want the 
first person to See an actual image of the Second perSon. 
Using process 14, the Second perSon can represent himself 
using a 3D model that mimics the motion of the Second 
perSon. A non-photorealistic 2D image can then be gener 
ated from the 3D model to create an animation that mimics 
the motion of the Second perSon. The first perSon can view 
this animation during the conference. As a result, the first 
perSon can view the motion of the Second person without 
actually Seeing the Second perSon. 

0018 Bandwidth limitations, particularly on Internet 
related Video-conferencing applications, may be one reason 
for using a non-photorealistic animation instead of actual 
Video during video-conferencing. Preservation of anonymity 
may be another reason for electing to use a non-photoreal 
istic animation instead of actual Video during a video 
conference. 

0.019 Process 14 obtains (16) 3D model 10 from a 
Source. For example, plural 3D models may be Stored in a 
memory and 3D model 10 may be selected from among 
those stored 3D models in response to a user's input. Other 
ways of obtaining the 3D model are mentioned below. 3D 
model 10 is comprised of data defining polygons and rigid 
bones associated with the polygons, as shown, e.g., in FIG. 
1. 
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0020 Process 14 tracks (18) the motion of a user with the 
aid of a Video camera, Such as a Webcam or PCcam, and 
commercially-available motion tracking Software. The Video 
camera captures images, i.e., frames, of the user at Specified 
intervals in time. The motion tracking Software identifies 
features of the user using, e.g., pattern recognition tech 
niques. For example, the motion tracking Software receives 
frames captured by the Video camera, compares blocks of 
data in those frames to pre-stored images, and determines 
the likelihood that the blocks of data correspond to features, 
Such as eyes, based on how well the blockS match the 
prestored images. The motion tracking Software detects 
motion by comparing the locations, e.g., in Cartesian XY 
coordinate Space, of the same feature between two frames. 

0021. The motion tracking software provides process 14 
with data indicating that features, e.g., an eyebrow, eyelid, or 
mouth, of the user have moved relative to an original 
position. The original position may be set beforehand during 
an initialization phase. That is, proceSS 14 may require the 
user to Sit in an initial position with relatively no facial 
contortions. This initial position may correspond roughly to 
an initial position of the 3D model obtained in block 16. The 
“motion’ data provided by the motion tracking software 
may be vectors or the like that are indicative of the magni 
tude and direction of motion of each feature being tracked on 
the user. 

0022 Process 14 receives the motion data provided by 
the motion tracking Software and positions (20) the Selected 
3D model 10 accordingly. Movement of 3D model 10 is 
effectuated by re-positioning the bones that make up the 3D 
model. In the bone data that defines 3D model 10, each bone 
is associated with a feature of the 3D model. For example, 
referring to FIG. 1, bone 26 is associated with the left 
eyebrow, bone 28 is associated with the right eyebrow, bone 
30 is associated with the left eye, bone 32 is associated with 
the right eye, bone 34 is associated with a cheek, bone 36 is 
associated with a jaw, bone 38 is associated with the Adam's 
apple, bone 40 is associated with a lip, and So on. Re 
positioning the bones, as noted above, causes the polygon 
“skin' also to deform. 

0023. Accordingly, to move features of 3D model 10, 
proceSS 14 uses the motion data that defines movement of a 
feature of the user to adjust the location of corresponding 
bone(s) in 3D model 10. That is, as noted above, the motion 
data from the motion tracking Software defines the magni 
tude and direction of motion of a feature of the user. Process 
14 takes this data and, if necessary, modifies the quaternion 
that defines the orientation of the bone that corresponds to 
that same feature on 3D model 10. The displacement and 
Scaling vectors that define the location of the bone are also 
modified, if necessary. So, if the user has moved his left 
eyebrow, the motion tracking Software provides the appro 
priate motion data to process 14. Process 14 uses this motion 
data to modify the quaternion, displacement and/or Scaling 
information that together define bone 26 of 3D model 10. 
This results in 3D model 10 mimicking the eyebrow motion 
of the user. 

0024. Once 3D model 10 has been appropriately posi 
tioned (20), process 14 retrieves and transmits (22) the 
positions of the bones (i.e., position data) of the 3D model 
to a remote client and the remote client renders a 2D image 
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of the 3D model. The position data is sufficient to allow the 
remote client to render 2D images of the 3D model from the 
position data. 

0025. In this embodiment, the remote client uses non 
photorealistic 2D rendering to render the 2D image. 
Examples of non-photorealistic 2D rendering techniques 
include black-and-white rendering, cartoon rendering, and 
pencil-sketch rendering. Briefly, cartoon rendering provides 
non-gradual transitions between two or more differently 
shaded image areas (see, e.g., FIG. 3). Black-and-white 
rendering provides only two types of Shading-black areas 
and white areas (See, e.g., FIG. 4). Pencil-sketch rendering 
approximates shading and depth by varying the placement 
and density of discrete line Segments. Unlike 3D shading, 
where transitions between light and dark regions of an image 
are gradual, pencil-sketch Shading uses hard edge bound 
aries between regions. That is, pencil-sketch Shading creates 
transitions between regions by terminating line Segments in 
the regions, not by blending one neighboring region into 
another region. FIGS. 5, 6 and 7 show different types of 
pencil-sketch Shading. 

0026. Thus, process 14 enables a remote client to render 
a non-photorealistic 2D image from a 3D model that 
approximates movements of a user captured by a Video 
camera. For example, as shown in FIGS. 8, 9 and 10, 
movement of a user's mouth (not shown) can be approxi 
mated on a non-photorealistic 2D image 23. This requires 
relatively little data and processing capabilities to achieve. 

0027 Blocks 18, 20, and 22 of process 14 may be 
repeated in real-time, at pre-Set time intervals, to produce an 
animation comprised of frames of non-photorealistic 2D 
images that approximates a user's movement. That is, pro 
cess 14 tracks (18) motions of the user over a period of time, 
re-positions (20) the 3D model periodically to approximate 
motions of the user at Specified intervals in the period of 
time, and transmits (22) positions of the bones at Specified 
intervals. 

0028. Alternatively, rather than performing process 14 
periodically, proceSS 14 may be triggered by a significant 
movement of the user. For example, if motion data (e.g., a 
motion vector) provided to process 14 by the motion track 
ing Software has greater than a predetermined magnitude, 
process 14 may be triggered to generate a new image. 
Otherwise, a previously-generated position of bones may be 
transmitted (24). This reduces processing, without signifi 
cantly adversely affecting the quality of the resulting 2D 
animation. 

0029 FIG. 11 shows an example of a video-conferencing 
System 44 on which proceSS 14 may be implemented. 
Video-conferencing System 44 includes, but is not limited to, 
two computers 46 and 48, which are connected by a network 
50. At least one computer 46, i.e., the computer that runs 
process 14 to generate a non-photorealistic animation, 
includes an attached Video camera 52 for capturing images 
of a user (not shown). The other computer 48 may also 
include a video camera 54. 

0030 Computer 46 includes a processor 56, a memory 
58, a storage medium 60 (e.g., a hard disk), and a 3D 
graphics processor 62 for processing 3D data in accordance 
with process 14 to generate a non-photorealistic animation 
(see view 64). Storage medium 60 stores 3D data 66 for one 
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or more 3D models, and machine-executable instructions 68 
which are executed by graphics processor 62 out of memory 
58 to perform process 14. Storage medium 60 also stores 
motion tracking Software 70, and a Video-conferencing 
application 72, such as ICUIICR), for transmitting the non 
photorealistic animation over network 50 (and for viewing 
video received from computer 48). 
0.031 Computer 46 is connected to network 50 via a 
wired or wireleSS connection. Computer 46 transmits data 
for bone positions generated by process 14 over network 50 
to computer 48, which is also connected to network 50. 
Computer 48 includes a processor 74, a memory 76, a 
storage medium 78, and a 3D graphics processor 80 that may 
also be used to implement process 14 (See view 82). Storage 
medium 78 stores 3D data 84 for one or more 3D models, 
motion tracking Software 86, a Video-conferencing applica 
tion 88 for viewing the non-photorealistic animation from 
computer 46 (and for transmitting Video data to computer 
46), and instructions 90 that are executed by graphics 
processor 80 out of memory 76 to perform process 14 and 
to render 2D images from bone positions received from 
computer 46. 
0032. Although personal computers and a network are 
shown in FIG. 11, process 14 is not limited to use with the 
hardware and software of FIGS. 2 and 11. It may find 
applicability in any computing or processing environment. 
ProceSS 14 may be implemented in hardware, Software, or a 
combination of the two. Process 14 may be implemented in 
computer programs executing on programmable computers 
or other machines that each include a processor, a Storage 
medium readable by the processor (including volatile and 
non-volatile memory and/or storage components), at least 
one input device, and one or more output devices. Program 
code may be applied to data entered using an input device 
(e.g., a mouse or keyboard) to perform process 14 and to 
generate output information. 
0.033 Each such program may be implemented in a high 
level procedural or object-oriented programming language 
to communicate with a computer System. However, the 
programs can be implemented in assembly or machine 
language. The language may be a compiled or an interpreted 
language. 

0034). Each computer program may be stored on a storage 
medium or device (e.g., CD-ROM, hard disk, or magnetic 
diskette) that is readable by a general or special purpose 
programmable computer for configuring and operating the 
computer when the Storage medium or device is read by the 
computer to perform process 14. Process 14 may also be 
implemented as a computer-readable Storage medium, con 
figured with a computer program, where, upon execution, 
instructions in the computer program cause the computer to 
operate in accordance with process 14. 

0035. The invention is not limited to the embodiment 
described above. For example, process 14 is not limited to 
use with bones-based 3D models. It may be used with any 
3D model that can be positioned and re-positioned. Simi 
larly, proceSS 14 is not limited to use with quaternion-based 
bone definitions. 

0.036 Process 14 is also not limited to use in video 
conferencing applications or to approximating facial fea 
tures. It may be used on a Stand-alone computer to animate 
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the motion of any part of a user's body (or any non-user 
motion, for that matter). That is, rather than transmitting the 
position data to a remote client, the nonphotorealistic 2D 
image may be rendered on the Stand-alone computer. Pro 
cess 14 is not limited to use with stored 3D models. For 
example, process 14 may generate a 3D model “on-the-fly” 
based on Video images of a user obtained by a Video camera 
or proceSS 14 may obtain a 3D model from another Source, 
Such as the Internet. Process 14 is also not limited to use with 
non-photorealistic rendering of 2D images or to the non 
photorealistic techniques noted above. 

0037 Other embodiments not described herein are also 
within the Scope of the following claims. 

What is claimed is: 
1. A method comprising: 
obtaining a three-dimensional model to represent a user; 
tracking a motion of the user; 
positioning the three-dimensional model to approximate 

the motion of the user; and 
retrieving position data for the positioned three-dimen 

Sional model. 
2. The method of claim 1, wherein: 

the three-dimensional model is comprised of a bone; and 
positioning the three-dimensional model comprises 

adjusting a position of the bone. 
3. The method of claim 2, wherein: 
the bone is defined by bone data that specifies a Size and 

a position of the bone; and 
adjusting the position of the bone comprises modifying 

bone data that specifies the position of the bone. 
4. The method of claim 3, wherein the bone data that 

Specifies the position of the bone comprises rotation data for 
the bone in three-dimensional Space. 

5. The method of claim 1, wherein obtaining comprises 
Selecting the three-dimensional model from a plurality of 
Stored three-dimensional models. 

6. The method of claim 1, wherein the position data 
defines positions of bones in the three-dimensional model. 

7. The method of claim 6, further comprising transmitting 
the position data to a remote client. 

8. The method of claim 7, wherein the position data is 
uSable by the remote client to render a two-dimensional 
image from the position data using a non-photorealistic 
rendering technique. 

9. The method of claim 1, wherein the non-photorealistic 
rendering technique comprises one of black-and-white ren 
dering, cartoon rendering, and pencil-sketch rendering. 

10. The method of claim 1, wherein the motion comprises 
facial movements of the user. 

11. An article comprising: 
a machine-readable medium that Stores executable 

instructions that cause a machine to: 

obtain a three-dimensional model to represent a user; 
track a motion of the user; 
position the three-dimensional model to approximate 

the motion of the user; and 
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retrieve position data for the positioned three-dimen 
Sional model. 

12. The article of claim 11, wherein: 
the three-dimensional model is comprised of a bone; and 
positioning the three-dimensional model comprises 

adjusting a position of the bone. 
13. The article of claim 12, wherein: 
the bone is defined by bone data that specifies a size and 

a position of the bone; and 
adjusting the position of the bone comprises modifying 
bone data that specifies the position of the bone. 

14. The article of claim 13, wherein the bone data that 
Specifies the position of the bone comprises rotation data for 
the bone in three-dimensional Space. 

15. The article of claim 11, wherein obtaining comprises 
Selecting the three-dimensional model from a plurality of 
Stored three-dimensional models. 

16. The article of claim 11, wherein the position data 
defines positions of bones in the three-dimensional model. 

17. The article of claim 16, further comprising transmit 
ting the position data to a remote client. 

18. The article of claim 17, wherein the position data is 
uSable by the remote client to render a two-dimensional 
image from the position data using a non-photorealistic 
rendering technique. 

19. The article of claim 18, wherein the non-photorealistic 
rendering technique comprises one of black-and-white ren 
dering, cartoon rendering, and pencil-sketch rendering. 

20. The article of claim 11, wherein the motion comprises 
facial movements of the user. 

21. An apparatus comprising: 
a processor that executes instructions to: 

obtain a three-dimensional model to represent a user; 
track a motion of the user; 
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position the three-dimensional model to approximate 
the motion of the user; and 

retrieving position data for the positioned three-dimen 
Sional model. 

22. The apparatus of claim 21, wherein: 
the three-dimensional model is comprised of a bone; and 
positioning the three-dimensional model comprises 

adjusting a position of the bone. 
23. The apparatus of claim 22, wherein: 
the bone is defined by bone data that specifies a Size and 

a position of the bone; and 
adjusting the position of the bone comprises modifying 

bone data that specifies the position of the bone. 
24. The apparatus of claim 23, wherein the bone data that 

Specifies the position of the bone comprises rotation data for 
the bone in three-dimensional Space. 

25. The apparatus of claim 21, wherein obtaining com 
prises Selecting the three-dimensional model from a plurality 
of Stored three-dimensional models. 

26. The article of claim 21, wherein the position data 
defines positions of bones in the three-dimensional model. 

27. The article of claim 26, further comprising transmit 
ting the position data to a remote client. 

28. The article of claim 27, wherein the position data is 
uSable by the remote client to render a two-dimensional 
image from the position data using a non-photorealistic 
rendering technique. 

29. The apparatus of claim 28, wherein the non-photore 
alistic rendering technique comprises one of black-and 
white rendering, cartoon rendering, and pencil-sketch ren 
dering. 

30. The apparatus of claim 21, wherein the motion com 
prises facial movements of the user. 

k k k k k 


